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HISTOGENESIS OF EXPERIMENTALLY PRODUCED KELOIDS*
ROBERTO E. MANCINI, M.D. AND JORGE V. QUATFE, M.D.
Keloids have been described as benign, prolif-
erative connective tissue growths localized in the
dermis. Most authors assert that trauma always
precceds the formation of keloids (1, 2, 3,4, 5, 6).
Although many theories have been postulated
the primary cause for the formatioh of keloid
remains unknown. Among these theories are:
1) metabolic disturbances (7, 8), 2) endocrine
disfunctions (1, 2, 9) and 3) local factors (dis-
balance between the proliferating epidermis and
dermis (10, 11), and foreign bodies (12, 13).
The nature and histogenesis of keloids has
been studied by many authors. Among them some
(5) demonstrate the presence of immature fibro-
blasts, increased vascularity and the possibilities
of their extension into normal connective tissue;
others (2, 12) postulate three evolutivc stages in
the fibroplasia of hypertrophic scars as well as
pcrivascular infiltrates in the surrounding areas.
A description of the histological differences
between kcloids, hypertrophic scars and tumors
of the skin has been published (6).
Probably due to the fact that analyses and
descriptions of different types of these patho-
logical formations have been done on different
subjects and on kcloids with different histological
characteristics, many questions remain un-
answered. Thus, some workers (12) believe that
hypcrtrophic scars and keloids are one process,
while to others these are clearly separable (1,
6, 14).
These discrepancies, and the findings in our
earlier papers (15, 16) made us suspect that there
is a relationship between the histological features
of normal and keloid healing. Therefore an effort
was made to clarify this point by performing a
histological, histochemical, enzymatic and bio-
chemical study of the histogenesis of kcloids and
hypertrophic scars as compared with the normal
healing process. This paper will deal only with
the histological and histochemical findings.
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MATERIALS AND METHODS
Human healthy volunteers of both sexes were
used, their ages ranging between 15 and 40 years.
They were classified in two groups: a) subjects in
whom it was proved that normal scars always de-
veloped, b) burned subjects in whom it was proved
years before that either the so-called hypertrophic
scars or keloids had developed. Three subjects in
the first group and nine in the second were studied.
In all of them an incised wound 15 cm. long reach-
ing the fat layer and an excised wound (Padget
dermatome donor area of a skin graft) about 'fo
mm. thick and 10 to 15 cm. square were performed
on the abdominal skin under local anaesthesia.
The incised wound was sutured at 1j to 2 cm.
intervals with 4-0 nylon interrupted stitches and
the excised wound was covered with "tulle gras."
Biopsy specimens were taken between the stitches
(incised wound) and in all instances separated by
more than 2 cm. one from the other. Those with
signs of infection were discarded. Since our main
purpose was to study the development of fibroplasia,
which is related to the evolution of normal or
keloid healing, the first biopsy specimen was taken
on the 18th day. In this way the initial stages of
epithelialization and connective tissue inflam-
matory reactions were overcome. The succeeding
specimens were taken on the 26th, 33rd and 42nd
day after injury. In the subjects developing ke-
bids, new specimens were obtained three, six,
nine and twelve months later. Besides these two
experimental groups, biopsy specimens were re-
moved from 30 patients who already had keloids
that had grown after burns or accidental or surgi-
cal injuries. These were localized in the mastoid
region, the lobes of the ears, neck, forearm, chest
and abdomen. All specimens were fixed in Bouin's
fluid, and 10% buffered formalin. The following
technics were used: 1) Hematoxylin-eosin and
Heidenhain's azan for general morphology, 2)
Silver impregnation (Del Rio Hortega's and Grid-
ley's methods) and Allochrome procedure for
collagen and reticular fibers, 3) Orcein and Weig-
ert's stain for elastic fibers, 4) PAS for glycogen
and glycoproteins, controlled by incubation in
amylase Parke-Davis (37° C. 2 hours), testicular
hyaluronidase (30 T.R.U. per cc. 37° C. pH 6) and
methanol-chloroform (3 hours, 60° C.),) 5 Meta-
chromatic stain (toluidine blue pH 3.5) and Alcian
blue for mucopolysaccharides controlled with
testicular hyaluronidase, 6) Basophylia (toluidine
blue pH 4.7) for nuclcoproteins controlled by in-
cubation in ribonuclease (N.B. Co. 1 mg. per cc.,
37° C., 60 minutes).
RESULTS
We shall first describe separately the histo-
logical pictures of both incised and excised normal
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wound healing and of both incised and excised
keloid healing. We will then try to establish the
relationship between the stages in the develop-
ment of these two types of healing.
HI5TOGENE5T5 OF NORMAL WOUND HEALING AND
KELOID HEALING
Normal TVound Healing
Biopsy specimens were taken beginning on the
18th day in both incised and excised wounds. At
this time epithelialization was already completed,
and a new connective tissue, showing the typical
features of juvenile fibroplasia was present. The
basic histological and histochemical characteristics
of the development of the fibroplasia are similar
in incised and excised wounds, and they will be
described together.
18th day: A mass of tissue, consisting of cells,
vessels, ground substance, fibers and basal
membrane below the epithelium extended
throughout the dermis (Fig. 1, 2). There were
fibroblasts, mast cells, plasmocytes and lympho-
cytes. The fibroblasts showed the features of the
juvenile type, i.e., well-delimited branched cyto-
plasm and a big and hyperchromatic nucleus
containing one or more prominent nucleoli
(Fig. 3). The fibroblasts had intense cytoplasmic
basophilia, due to the presence of ribonucleo-
proteins as judged by incubation with ribonu-
clease. They contained P.A.S.-positive granules
resistant to ptyaline, hyaluronidase and meth-
anol:chloroform. No true metachromasia or
Alcian blue staining was detected in these cells.
Fibroblasts were largely present in the fibroplasia
and their hyperplasia was backed by the presence
of numerous mitotic figures. Moderate number
of mast cells showing different morphological
varieties, from elongated to the rounded ones,
were distributed at random. A few plasmocytes
and lymphocytes were mainly present around
small arterioles in the periphery of the mass of
fibroplasia. A great number of newly formed
vessels characterized by an hypertrophic endo-
thelium and an outer ring of immature fibroblasts
were seen in and around the wound area. Net-
works of typical reticular fibers around the fibro-
blasts, were also interwoven in the intercellular
spaces, and in the walls of the newly formed
vessels (Fig. 4). Collagen fibers were barely seen
but no elastic fibers were developed. Interfibrillar
moderate positive reactions for mucopolysaccha-
rides digested by testicular hyaluronidase were
observed.
Between the mass of fibroplastic tissue and the
normal adjacent connective tissue there was an
area which we shall call "transitional area," which
was characterized by the following picture: a)
intermediate stages between juvenile and adult
fibroblasts, b) collagen fibers and bundles in the
normal neighboring connective tissue dissociated
into their elementary fibrils, e) few reticular
fibers and negligible amounts of mucopolysac-
charides, and d) fragmented elastic fibers.
A thin P.A.S. positive, argyrophil basal mem-
brane began to develop between the deep cellular
layer of the epithelium and the fibroplastic
tissue.
This step of wound healing is mainly charac-
terized by cellular proliferation and new reticular
fibers; from then on we shall call it "fibroblastie
stage".
26th day: The structures already described
were still present (Figs. 5, 6). There was only a
tendency of the fibroblasts to acquire mature
morphological characteristics (Fig. 7). Also,
intercellular mucopolysaccharides tended to
disappear and reticular fibers were thicker,
showing intermediate stages towards the forma-
tion of new collagen fibers (Fig. 8). There was
reduction in the vaseularization, in the perivascu-
lar infiltrates and in the number of mast cells.
The features of the "transitional area" had
almost disappeared and there was a clear cut
difference between the wound tissue and the well
preserved collagen bundles of the normal adjacent
connective tissue. As compared with the speci-
mens taken on the 18th day the basal membrane
was much better delimited and its continuity with
the normal and thicker basal membrane of the
vicinity was clearly observed.
The histological pattern of these 26 day biopsy
specimens are intermediate stages between the 18
and 33 day ones.
33rd day: Juvenile fibroblasts were few, most
fibroblasts seemed mature (Figs. 9, 10, 11), i.e.,
practically no basophilia and P.A.S.-positive
granules in the cytoplasm and a reduction in the
size of their nuclei was observed. Intercellular and
interfibrillar mueopolysaccharides were now ab-
sent, reticular fibers persisted, were few and had
the characteristics of collagen fibers (Fig. 12).
Also collagen bundles were more numerous in
some areas of the wound tissue. Vessels had al-
most disappeared, perivascular infiltrates re-
mained only at the periphery of the tissue and few
mast cells were present. The "transitional area"
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had disappeared and collagen fibers and bundles
of the normal connective tissue were in contact
with the collagen fibers of the healing tissue. The
basal membrane was better delimited, continuous
and thicker. No rete ridges had yet formed.
Because the fibroblasts are more mature and
the formation of collagen fiber is characteristic
we shall call this step in the development of
normal healing, "fibrous stage".
42nd day: There were fewer fibroblasts still and
the majority of them were now mature cells,
some of them having pyknotic nuclei (Figs. 13,
14, 15). Reticular fibers had disappeared and
thick and almost interwoven hyaline collagen
bundles were seen (Fig. 16). Vessels, mast cells
and perivascular infiltrates had disappeared
throughout the tissue. At the periphery of the
cicatritial area, collagen bundles were fused
with the adjacent normal ones. The basal mem-
brane was well developed and as thick as that of
the neighboring epithelium.
In view of all these histological features this
step which we will consider as the end of the
evolution of normal cicatritial fibroplasia, shall
be designated "hyaline stage."
Comparison between incised and excised wounds:
In the incised wounds the whole mass of newly
formed tissue had a cylindrical shape running
from below the epithelium through the middle
and deep dermis (where it was broader), reaching
the fat layer. The evolution to hyalinosis of this
cylindrical mass of fibroplasia was faster in the
middle and deep chorium than in the papillary
layer. Dermal papillae were absent during the
first steps of the cycle but some developed in the
last stages. In the excised wounds the regenerat-
ing tissue grew horizontally and surpassed the
middle layer of the dermis. Furthermore, the
evolution to hyalinosis was faster in the middle
and deep layers as compared with the superficial
area of fibroplasia. Tendency to formation of
pseudo rete ridges appeared in the later stages.
Keloid healing
18th day: The histological and histochemical
picture of the fibroplasia of the incised and
excised wounds (Figs. 17, 18, 19, 20) was not
different from the normal healing one, neither in
the eicatritial mass nor in the "transitional
area." Consequently, we will also call this step
of keloid healing "fibroblastic stage."
26th day: In contrast with the corresponding
biopsy specimens of the normal wound healing,
there was here a persistence of juvenile fibroblasts
with a big nucleus containing two or more
nucleoli. Newly formed vessels running in
different directions were present; all of them were
surrounded by numerous fibroblasts and mono-
nuclear infiltrates (Figs. 21, 22, 23, 24, 25). No
changes were visible in the number and morphol-
ogy of mast cells. These are the first signs of a new
structure, the nodule, which will be more clearly
seen in the following stages. Practically all the
fibroblasts showed intense cytoplasmie baso-
phylia and P.A.S.-positive reaction (Figs. 27, 28).
Also intercellular mucopolysaccharides persisted
and a large number of reticular fibers appeared
(Fig. 26), there were no elastic fibers. The changes
detected at the "transitional area" were: in-
creased dissociation of collagen bundles and
fragmentation of elastic fibers of the adjacent
normal dermis (Figs. 29, 30, 31, 32). The basal
membrane was thinner and not as well delimited
as in the corresponding period of normal healing.
This step of healing- can be considered as a
"fibroblastic stage."
33rd day: In this period the newly formed ves-
sels became the center of a nodular mass of
fibroblasts which were separated one from the
other by bundles of newly formed collagen fibers.
These fibers were related to the fibroblasts of the
periphery of the nodule while in its central and
middle areas mucopolysaccharides and reticular
fibers still persisted. No elastic fibers were
present (Fig. 33, 34, 35, 36, 37, 38). Juvenile
fibroblasts persisted with the same cytochemieal
features (Fig. 39, 40). Similar nodules appeared
around the vessels in the "transitional area"
and the dissociation of neighboring collagen
bundles and fragmentation of elastic fibers was
slightly reduced (Figs. 41, 42, 43, 44). There was
also an increased accumulation of perivascular
mononuclear infiltrates. The basal membrane
was thicker than in the former period. We
shall also call this a "fibroblastic stage."
42nd day: The formation of nodules persisted
and the whole tissue remained composed of
nodules of different sizes and shapes. While the
mucopolysaceharides and fibers in the central
areas of these nodules were almost similar to
those already described, the fibroblasts underwent
maturation, their basophylia was reduced and the
P.A.S. positive granules were gradually lost
(Figs. 45, 46, 47, 48, 49, 50.) The newly formed
collagen fibers and bundles in the periphery of
these nodules were thicker and more numerous
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and no elastic fibers were present. Mast cells and
perivascular mononuclear infiltrates had mostly
disappeared. In the "transitional area" the newly
formed nodules showed no further increase in
their number and size. Formation of collagen
fibers and bundles at the periphery of these
nodules was more abundant. The images of
dissociation of collagen of the adjacent normal
dermis present in the previous stage were visibly
reduced and fragmented elastic fibers persisted
(Figs. 53, 54, 55, 56). The accumulation of
perivascular mononuclear infiltrates diminished.
The basal membrane had the same thickness as
that in the neighboring normal dermoepidermal
junction. This step of keloid healing will still be
called "fibroblastic stage."
60th day: The nodules of the central area of
the fibroplasia persisted and were more clearly
delimited by septa of thick, long and crossed
collagen bands. Elastic fibers were absent.
The cytoplasmic basophilia and the P.A.S.-
positive granules of the fibroblasts had almost
completely disappeared (Figs. 51, 52). At the
"transitional area" the nodules also persisted.
Thicker collagen fibers and bundles developed
coalescing and forming a capsule around the
mass of the keloid while the dissociation of the
collagen bundles and the fragmentation of the
elastic fibers of the adjacent normal dermis were
arrested (Figs. 57, 58, 59, 60). The perivascular
infiltrates of mononuclear cells had almost
disappeared. Because of the persistence of
nearly all the characteristics present in the
previous specimen we shall also designate this as
"fibroblastic stage."
Three to twelve months: On the basis of histo-
logical features these keloids could be separated
into three groups. In a first group, the fibroplasia
maintained even up to twelve months after
injury nearly all the characteristics of the fibro-
blastie stage. In the second group, while a small
number of the nodules still exhibited the features
of the fibroblastic stage the majority of them
showed increased formation of collagen fibers
and bundles, an absence of mueopolysaeeharides
and a reduction of juvenile fibroblasts, retieular
fibers and of vessels. No mast cells were observed.
lYe shall call this the "fibrous stage" (Figs. 61,
62). In the third group, while some nodules
appeared histologically like the fibrous stage,
the rest underwent fusion and homogenization
with atrophy or disappearance of the major part
of the fibroblasts and of the vessels. As a result,
the typical nodular structure of the fibroblastie
stage of the keloid tends to disappear bringing
about a final involutive stage which we shall
designate "hyaline stage" (Figs. 63, 64). In
these two last stages the basal membrane gradu-
ally increased its thickness giving rise to the
appearance of a band which clearly delimits the
flattened epithelium from the underlying keloid
formation.
Comparison between incised and excised wounds:
The most pronounced differences observed in
contrast to normal healing were found after the
fourth week, when an extensive diffuse fibroplasia
occurred accompanied by the formation of
nodules, expansive growth to the neighboring
dermal tissue and the absence of dermal papillae,
both in the incised and excised wounds. The
expansive growth took place on both sides and in
all the layers of the dermis of the incised wound,
while in the excised wound it developed pre-
dominantly downwards, reaching the fat layer.
It was also often observed that the papillary
layer retained even after several years the histo-
logical aspect of loose connective tissue, forming
an horizontal band separating the flattened
epithelium from the underlying fibroplasia.
Biopsies of keloids: In this group keloids had
formed after accidental trauma 2 to 10 years
before. According to their histological features it
was possible to fit them into any one of the three
sequential stages described above: fibroblastic,
fibrous and hyaline; i.e., these eases reproduce
the steps which were present in the experimen-
tally produced keloids. The difference lies in the
length of time they remain in each stage.
Clinical and histological correlation between normal
and keloid healing
With the data afforded by the previous descrip-
tion, we found it possible to elaborate the
accompanying table establishing the relationship
between the stages in the development of both
types of healing.
DIscussIoN
All our assumptions on the histogenesis of
keloids are based on the similarity of the clinical
and histological characteristics between the
experimentally produced keloids and those that
developed after accidental injuries or burns on
the same subject.
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TABLE I
Clinical and histological correlation between normal and keloid healing
:lsng0f Color Consistency Symptoms Sise Histological Picture
Normal Healing
Flbr
blastic
Bright red Fairly
hard
15th to
25th
day
Very mild
or no
itching
Minimal Fibroblasts ++
Vascularization ++
Fibrillogenesis +
Fibrohyalinosis —
Hyalinosis —
Fibrous Pink Hard 25th to
35th
day
No itching Minimal Fibroblast +
Vascularization +
Fibrillogenesis
Fibrohyalinosis ++
Hyalinosis +
Hyaline White Hard 35th day
onward
No itching Minimal Fibroblast
Vascularization —
Fibrillogenesis —
Fibrohyalinosis ++
Hyalinosis ++
Keloid Healing
Fibro-
blastic
Bright red Fairly
hard
Months
onward
Intense
itching
Large Fibroblasts ++++
Vascularization ++++
Fibrillogenesis +++
Fibrohyalinosis +
Hyalinosis +
Fibrous Pink; some-
times pig-
mented
Very
hard
Months or
Years
Moderate
itching
Large Fibroblast ++
Vascularization ++
Fibrillogenesis + +
Fibrohyalinosis + + ++
Hyalinosis ++
Hyaline White; pig-
mented
Very
hard
Months or
Years
No itching Large Fibroblasts +
Vascularization +
Fibrillogenesis +
Fibrohyalinosis ++
Hyalinosis ++++
The comparative study of normal scars and
keloids based on serial biopsies proves that
keloid is composed of the same connective tissue
structures, i.e., cells, intercellular substance and
vessels, as the normal scar, which agrees with
the findirlgs of some other authors (17, 18, 19, 20).
These structures integrate the so called juvenile
fibroplasi.a as a continuation of the reactive
granulation tissue induced at the site of the
wounds. Moreover, both the cytological and the
cytochemical features are similar, i.e., the
hyperplasia of immature fibroblasts rich in
ribonucleoproteins and possibly glycoproteins is
accompanied by vascular neoformation and
production of mucopolysaccharides and collagen
fibrils. To this may be added perivascular
lymphocytic and plasmocytic infiltrates and a
regular amount of mast cells. The variation in
the number of mast cells follows approximately
those found in normal healing (21).
The sequence followed by the normal scar,
going from a juvenile fibroplasia to a fibrohyaline
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tissue, is the same as that accomplished by the
keloid in its evolutive cycle. The difference lies
in the growth potential of this fibroplasia, which
being considerably increased, brings about a
greater amount of tissue and a longer time in its
development. As a result, each of the stages, and
consequently the whole cycle, is lengthened in
varying degrees. In other words, if the cycle of
normal healing requires about 4 to 6 weeks,
keloid healing may last months or years. Atten-
tion is drawn to the fourth week period as the
critical phase in the deviation of juvenile fibro-
plasia, which instead of going to fibrohyalinosis,
persists and continues its growth towards the
neighboring normal dermis. The persistence of
fibroblastic growth and subsequent production
of mueopolysaecharides and fibers in the keloid is
supported by the findings in this tissue, after
the fourth week, of numerous cells in mitosis,
abundant basophylia and P.A.S.-positive cyto-
plasmic substances, which indicate intense
metabolic activity of synthesis, as has been
proved in the course of development of normal
connective tissue (22, 23, 24, 25, 26). Admitting
that the fibroblasts are the cells responsible for
the growth and development of connective
tissue, it may be assumed that keloids are a
disturbance of the cycle of normal healing,
induced by a local factor and/or by stimulating
substances of unknown origin acting on the
cicatritial fibroblasts. It is possible that local
factors could be related to a congenital predis-
position of the dermis and/or with some sub-
stances (promoting growth factors) liberated in
the initial stages of the skin injury (27, 28). The
metabolic activity of the fibroblasts in the central
area of the keloid appears different from that of
the fibroblasts of the transitional area. While the
former are related to the production of muco-
polysaceharides and collagen fibrils, the latter,
in the initial stage, suggest the existence of a
"break-down activity" as judged by the images
of dissociation of collagen bundles and frag-
mentation of elastic fibers of the normal neigh-
boring connective tissue. Subsequently, as the
expansion of the keloid subsides the "break-down
activity" is arrested and the "formative activity"
of intercellular substances predominates.
The manner in which such keloid fibroplasia
further organizes itself and continues to grow, is
based substantially on the formation of multiple
nodules which appear earlier in the central area
and later at the transitional area. These multi-
focal nodules separated one from the other by
long collagen bundles as if they were septa,
constitute the most outstanding histological
picture of the classical true keloid. For this
reason, the nodules could be considered as the
histological units of the keloid.
No explanation of the physiopathology of
keloids can yet be deduced from the presence of
numerous perivascular mononuclear infiltrates
and from the organization of a capsule. Both
of these structures coincidentally encircle the
keloid at the exact time it begins to arrest its
expansive growth. Nevertheless, the relation of
such infiltrates with the existence of local irrita-
tions of the connective tissue of varying aethiol-
ogy (12), chronic infiammations (29), and even
focal production of antibodies (30) may be
reminded.
The differentiation in three sequential stages
which could be identified as different types of
keloids (fibroblastic, fibrous and hyaline), is
based on the variations of their histological
nature by analogy with the identical stages fol-
lowed by the normal healing process. In this
sense, the evolution of the nodules of the keloid
from a fibroblastic to a hyaline stage passing
through an intermediate one of fibrosis is nothing
more than a qualitative resemblance of the
normal healing process and also exhibits an
evolutive modality similar to the one taking
place during the development of the normal
connective tissue in the living organism.
The clinical features of these different types of
keloids we postulate are similar to those followed
by the normal healing wound and are substan-
tiated by the histological findings. The color
which goes from intense red in the fibroblastie
type to white in the hyaline one, depends on the
progressive decrease of the vaseularity. Similarly,
the growth depends on the neoformation of
nodules and the consistency depends on the
proportion between collagen fibers and mucopoly-
saccharides.
We agree with other authors (12, 13) that no
clear distinction has ever been done between the
so-called hypertrophie sear and the classical
keloid. llypertrophie sear would appear to be
only just one of the different stages keloid healing
may adopt. We think that the designation "hy-
pertrophie healing" would be of a more general
character embracing all types of abnormal
wound healing in which the length of time in its
cycle and the amplitude of the response of the
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fibroplasia may vary considerably leading to the
fibroblastie, fibrous or hyaline overdeveloped
sear. Therefore we suggest the elimination of the
term keloid, and substituting that of hypertrophie
sear.
SUMMARY
A comparative study has been carried out
between normal wrnmd healing and keloid
healing in adult healthy volunteers. Biopsy
specimens were taken from experimentally
produced normal and keloid sears.
1. Normal healing develops after the inflam-
matory stage a juvenile fibroplasia characterized
by increased vaseularity, moderate perivaseular
mononuclear infiltrates, hyperplasia of juvenile
fibroblasts, production of mueopolysaeeharides
and many new collagen fibers and bundles. The
fibroplasia reaches its peak around the third
week and then gradually decreases going to
fibrohyalinosis until the sixth week.
2. In keloid healing, juvenile fibroplasia not
only persists after the third week but increases
in size and invades the adjacent normal ehorium.
Simultaneously, it begins the formation of
perivaseular nodules. These nodules are con-
sidered as the histological units of keloids. In
some eases the fibroplasia may decrease after the
eighth week, going to fibrohyalinosis. In others it
may increase in size and extent, undergoing
fibrohyalinosis after months or years.
3. Keloid healing seems to be a deviation of
the process from the cycle of normal healing.
4. As no fundamental differences were found
between the so called hypertrophie sears and the
classical keloid sears the substitution of the
term keloid by the general designation of hyper-
trophie healing is suggested.
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PLATE 1
FIG. 1. 18th day biopsy of normal healing. Incised wound. Fibroblastie stage. Adjacent normal con-
nective tissue. H.E. X 90.
FIG. 2. Same as fig. 1. Excised wound. Subjacent normal connective tissue. H.E. X 90.
FIG. 3. Same as figs. 1 and 2. Juvenile fibroblasts and loose intercellular substance. H.E. X 800.
Fm. 4. Same as fig. 3. Network of reticular fibers around the fibroblasts and interwoven in the inter-
cellular spaces. Silver impregnation. X 450.
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PLATE 2
FIG. 5. 26th day biopsy of normal healing. Incised wound. Persisting fibroblastic stage. Adjacent
normal connective tissue is visible. Perivascular mononuclear infiltrates. HE. X 90.
FIG. 6. Same as fig. 5. Excised wound. Subjacent normal connective tissue. H.E. X 90.
FIG. 7. Same as figs. Sand 6. Slightly more mature fibroblasts and more dense intercellular substance.
Scattered mononuclear cells. HE. X 800.
FIG. S. Same as fig. 7. Increased network of reticular fibers. Collagen fibers appear. Silver impregna-
tion. X 450.
IIISTOGENESIS OF KELOIDS 153
•
 a
; 
•
t a
 
.
 
a
 
t 
a
 
.
t, 
I 
1.
 
—
 
',
 1
,..
 
•
' 
ic
.%
 
-
.
 
154 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
PLATE 3
FIG. 9. 33rd day biopsy of normal healing. Incised wound. Fibrous stage. Islet of epidermal cells.HE. x 90.
FIG. 10. Same as fig. 9. Excised wound. Subjacent normal connective tissue. H.E. X 90.
FIG. 11. Same as figs. 9 and 10. Mature fibroblasts and fibrilar intercellular substance. H.E. x 800.
FIG. 12. Same as fig. 11. Newly formed collagen fibers. Silver impregnation. X 450.
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PLATE 4
Fin. 13. 42nd day of normal healing. Incised wound. Hyaline stage. H.E. X 90.
Fm. 14. Same as fig. 13. Excised wound. Almost normal aspect of connective tissue. H.E. X 90.
FIG. 15. Same as figs. 13 and 14. Partially atrophied fibroblasts and fibrous intercellular substance.
H.E. >< 800.
Fin. 16. Same as fig. 15. Newly formed collagen bundles. Silver impregnation. X 450.
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PLATE 5
FIG. 17. 18th day biopsy of keloid healing. Incised wound. Circumscribed fibroblastic stage. Adjacent
normal connective tissue. HE. )< 90.
FIG. 18. Same as fig. 17. Excised wound. Subjacent normal connective tissue. HE. X 90.
FIG. 19. Same as figs. 17 and 18. Juvenile fibroblasts and loose intercellular substance. HE. X 800.
FIG. 20. Same as fig. 19. Loose network of reticular fibers around the fibroblasts and interwoven in
the intercellular substance. Silver impregnation. X 450.
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PLATE 6
FIG. 21. 26th day biopsy of keloid healing. Incised wound. Expansive fibroblastic stage. No adjacent
normal connective tissue is visible. HE. X 90.
FIG. 22. Same as fig. 21. Excised wound. Subjacent connective tissue still visible. H.E. X 90.
FIG. 23. Same as figs. 21 and 22. Central areas of the keloid. Numerous vessels surrounded by mono-
nuclear infiltrates. H.E. X 70.
FIG. 24. Same as fig. 23 at higher magnification. H.E. X 220.
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PLATE 7
FIG. 25. 26th day biopsy of keloid healing. Fibroblastic stage. Juvenile fibroblasts and loose inter
cellular substance. H.E. X 800.
FIG. 26. Same as fig. 25. Loose network of retieular fibers around the fibroblasts and interwoven in
the intercellular spaces. Silver impregnation. X 450.
FIG. 27. Same as fig. 25. Intense basophylia in the cytoplasm and in the nucleoli of juvenile fibroblasts.
Toluidine blue staining. x 2500.
FIG. 28. Same as fig. 27. PAS positive granules throughout the cytoplasm of juvenile fibroblasts.
Counter staining with haematoxylin. X 2500.
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PLATE 8
FIG. 29. 26th day biopsy of keloid healing. Transitional area. Expansive juvenile fibroplasia of the
keloid (right side) in contact with dissociated collagen bundles of the adjacent normal connective tissue(left side). HE. X 150.
FIG. 30. Same as fig. 29. Showlng the proliferation of juvenile fibroblasts in between the dissociated
collagen bundles. HE. x 350.
.FIG. 31. Same as fig. 29. Dlssoclatlon of collagen fibers and bundles. Silver lmpregnatlon. X 170.
FIG. 32. Same as fig. 31. Fragmented elastic fibers. Orcein staining. X 300.
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PLATE 9
FIG. 33. 33rd day biopsy of keloid healing. Incised wound. Persistance of expansive fibroblastic stage.
Tendency to form nodules around the vessels. HE. X 90.
FIG. 34. Same as fig. 33. Excised wound. HE. X 90.
FIG. 35. Same as figs. 33 and 34. Central areas of the keloid. Nodules separated by collagen bundles.
H.E. x 70.
FIG. 36. Same as fig. 35 at higher magnification. H.E. X 220.
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PLATE 10
FIG. 37. 33rd day biopsy of keloid healing. Fibroblastic stage. Juvenile fibroblasts and loose inter-
cellular substance. HE. X 800.
FIG. 38. Same as fig. 37. Persisting network of reticular fibers. Silver impregnation. X 450.
FIG. 39. Same as fig. 37. Intense basophylia in the cytoplasm and in the nucleoli of juvenile fibro-
blasts. Toluidine blue staining. X 2500.
FIG. 40. Same as fig. 39. PAS positive granules throughout the cytoplasm of juvenile fibroblasts.
Counter staining with haematoxylin. x 2500.
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PLATE 11
FIG. 41. 33rd day biopsy of keloid healing. Fibroblastic stage. Transitional area. Newly formed
nodules (right side) in contact with less dissociated collagen bundles of the adjacent normal connective
tissue, (left side). HE. X 150.
FIG. 42. Same as fig. 41 at higher magnification. H.E. X 350.
FIG. 43. Same as fig. 41. Less dissociated collagen bundles. Silver impregnation. X 170.
FIG. 44. Same as fig. 43. Fragmented elastic fibers. Oreein staining. X 300.
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PLATE 12
FIG. 45. 42nd day biopsy of keloid healing. Incised wound. Persistence of expansive fibroblastic
stage. Presence of nodules. HE. X 90.
FIG. 46. Same as fig. 45. Excised wound. HE. X 90.
FIG. 47. Same as figs. 45 and 46. More mature fibroblasts and fibrilar intercellular substance. HE.
)< 800.
FIG. 48. Same as fig. 47. Persisting network of rcticular fibers. Silver impregnation. X 450.
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PLATE 13
FIG. 49. 42nd day biopsy of keloid healing. Fibroblastic stage. Reduced cytoplasmic basophylia in
the more mature fibroblasts. Toluidine blue staining. X 2500.
FIG. 50. Same as fig. 49. Reduced PAS positive granules throughout the cytoplasm of more mature
fibroblasts. Counter staining with haematoxylin. x 2500.
FIG. 51. 60th day biopsy of keloid healing. Fibroblastic stage. Very slight cytoplasmic basophylia
in the mature fibroblasts and condensed chromatin in the nuclei. Toluidine blue staining. X 2500.
FIG. 52. Same as fig. 51. Very slight PAS positive staining. Counter staining with haematoxylin.
X 2500.
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PLATE 14
Fin. 53. 42nd day biopsy of keloid healing. Transitional area. More advanced stage of the nodular
formations (right side) in contact with condensed collagen bundles of the adjacent connective tissue(left side). 11.11. x 150.
Fin. 54. Same as fig. 53. Condensed collagen bundles in between the nodules and the neighbouring
connective tissue. HE. )< 350.
Fin. 55. Same as fig. 53. Silver impregnation. X 170.
Fin. 56. Same as fig. 55. Fragmented elastic fibers. Orcein staining. X 300.
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PLATE 15
FIG. 57. 60th day biopsy of keloid healing. Transitional area. Newly formed capsule (left side) at the
periphery of the keloid (right side). H.E. X 150.
FIG. 58. Same as fig. 57 at higher magnification. H.E. X 350.
FIG. 59. Same as fig. 57. Silver impregnation. X 170.
FIG. 60. Same as fig. 59. Fragmentation of elastic fibers. Orcein staining. X 300.
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PLATE 16
FIG. 61. Biopsy of a keloid of 4 months. Fibrous stage. Nodules with mature fibroblasts and abundant
and fused collagen fibers and bundles. HE. X 70.
FIG. 62. Same as fig. 61 at higher magnification. HE. X 220.
FIG. 63. Biopsy of a keloid of S months. Hyaline stage. Atrophy of fibroblasts and areas of hyalinized
collagen bundles. H.E. )< 70.
FIG. 64. Same as fig. 63 at higher magnlficatlon. H.E. X 220.
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